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ABNORMALITY MONITORING APPARATUS IN LOAD DRIVE CIRCUIT 

BACKGROUND OF THF, INVENTION 

1 Field of the Invention 

[0001] The invention relates to an electric load drive circuit that drives a load 
installed in a vehicle. More particularly, the invention relates to an apparatus that monitors 
an abnormality of a sensor in the load drive circuit. 

9 Description of the Related Art 

[0002] Recently, a 42-volt electric power source system for an automobile, in 
which a 42-volt electric power source is added to a conventional 14-volt electric power 
source has been proposed, in order to supply electric power to electric equipment having a 
large capacity installed in the automobile, such as an electric power steering and an electric 
air conditioner. In the 42-volt electric power source, since the voltage is three times as high 
as the voltage in the conventional 14-volt electric power source, electric current can be 
reduced to one-third, which leads to a reduction in loss and a reduction in weight of the 
harness. Also, electric power can be supplied to a load having a large capacity more easily. 
The capacity of a battery is larger than a conventional battery. Further, there is a possibility 
that a nickel-hydrogen battery or a lithium ion battery will be employed instead of a lead 
battery that is currently employed. 

[0003] However, the lifetime of a lamp and the like may be shortened when only 
the 42-volt electric power source is used. Therefore, the conventional 14-volt electric power v. 
source needs to be used as it is, together with the 42-volt electric power source. Thus, 
recently, an electric power source system including a 42-volt main battery, a 14-volt 
auxiliary battery, and a DC-DC converter for increasing and decreasing the voltage has been 
proposed. In the 14-volt battery, the charging voltage is 14 volts and the discharging voltage 
is 12 volts. In the 42-volt battery, the charging voltage is 42 volts and the discharging 
voltage is 36 volts. 

[0004] In addition to such an electric power source system, there are cases where a 
low voltage of electric power discharged from a battery is increased by a DC-DC converter 
so as to supply the electric power to an inverter of a motor in a hybrid vehicle in which 
driving power of an engine is assisted by the motor. In such cases, a rated voltage of the 
motor for driving the vehicle is usually set to a high value in order to reduce weight of the 
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harness by reducing electric current supplied to the motor for driving the vehicle, and to 
obtain high driving power for driving the vehicle. Meanwhile, in order to increase the 
voltage of the battery installed in the vehicle, a large number of battery cells of 
approximately 1 .2 volts need to be connected in series. In the case where the rated voltage of 
the motor cannot be obtained even if a large number of battery cells are connected in series, 
the voltage of electric power discharged from the battery is increased by the DC-DC 
converter, and the electric power is supplied to the motor via the inverter. 

[0005] Thus, in an electric circuit installed in a vehicle, it may be necessary to 
increase or decrease the voltage of electric power supplied to and from a battery. In such a 
case, a DC-DC converter is used. Japanese Patent Application Publication No. JP-A-H8- 
214592 discloses a drive apparatus for a motor in which the motor can be driven, 
regenerative braking can be performed, and charging of a battery can be performed using a 
simple configuration, and further the battery can be refreshed. 

[0006] The drive apparatus for a motor includes a drive circuit; a chopper circuit; 
a direct current side reactor; and a control circuit. The drive circuit includes one or more 
arms formed by connecting two switching elements having a flywheel diode in series, and an 
input terminal thereof is connected to a battery, and an output terminal thereof is connected 
to the motor. Thus, the drive circuit controls the motor through energization by turning the 
switching elements on and off. The chopper circuit is connected to the drive circuit in 
parallel, and is formed by connecting two switching elements having a flywheel diode. The 
direct current side reactor is connected between a neutral point of the chopper circuit and the 
battery. The control circuit is provided for performing on-off control of the switching 
elements of the drive circuit and chopper circuit. The control circuit allows the chopper 
circuit to function as a chopper for increasing a voltage when electric power is supplied from 
the battery to the drive circuit, and to function as a chopper for decreasing a voltage when 
electric power is supplied from the drive circuit to the battery. Particularly, the control 
circuit performs control such that electric power the voltage thereof is equal to a reference 
voltage of the battery is supplied to the drive circuit when the output of the motor is low, and 
the chopper circuit functions as the chopper for increasing the voltage when the output of the 
motor is high. 

[0007] In the drive apparatus for a motor disclosed in the Japanese Patent 
Application Publication No. JP-A-H8-2 14592, since the chopper circuit can function as a 
chopper for increasing the voltage when electric power is supplied from the battery to the 
motor via the drive circuit, a voltage higher than the battery voltage can be applied to the 
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motor, and accordingly the motor can be driven at a speed higher than a steady-state speed. 
Also, since the chopper circuit can function as a chopper for decreasing the voltage when 
electric power is supplied from the drive circuit to the battery, the battery can be charged 
without causing damage to a circuit element even if the voltage of electric power generated 
by the motor or the voltage of an external electric power source is higher than the battery 
voltage in the case where electric power is generated by the motor during regenerative 
braking, or in the case where the battery is charged using an external electric power source. 

[0008] Also, Japanese Patent Application Publication No. JP-A-H8-51800 
discloses a control method in which a battery voltage is estimated such that control can 
continue to be performed even if an abnormality or the like occurs in a voltage sensor. The 
control method includes the steps of determining a primary voltage of a motor based on the 
battery voltage and a previous switching pattern; estimating a primary magnetic flux of the 
motor and a present value of motor torque based on the primary voltage of the motor and the 
primary electric current of the motor; determining a command value indicating the primary 
magnetic flux of the motor and a command value indicating the motor torque based on 
required output; deciding a switching pattern by comparing the estimated primary magnetic 
flux of the motor and the estimated present value of the motor torque and the determined 
command value indicating the primary magnetic flux of the motor and the determined 
command value indicating the motor torque; changing the primary electric current of the 
motor according to the decided switching pattern so as to control an induction motor. In the 
control method, the battery voltage is detected by the voltage sensor during normal operation, 
and the battery voltage is estimated based on a load state of the battery when an output of the 
voltage sensor is abnormal. 

[0009] According to the control method, in the case where the voltage sensor 
outputs an abnormal value due to a failure of the voltage sensor for detecting the battery 
voltage, to a superimposition of noise onto the output of the sensor, or the like, the estimated 
value of the battery voltage is used. Accordingly, even when the voltage sensor outputs an 
abnormal value, control can continue to be performed according to a logic of high-speed 
direct torque control. Also, even when the estimated value of the battery voltage has an error, 
the control state does not become unstable as long as the error is not extremely large. Since 
the battery voltage is estimated based on the load state of the battery, the estimated value 
does not have a large error, and accordingly the control can be performed stably in a wide 
range. 



[0010] 



As described above, in the drive apparatus for a motor disclosed in the 
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Japanese Patent Application Publication No. JP-A-H8-214592, the chopper circuit is 
provided in parallel with the inverter circuit, the chopper circuit functions as a chopper for 
increasing the voltage when the output of the motor is high, and the chopper circuit functions 
as a chopper for decreasing the voltage when electric power is generated by the motor during 
regenerative braking. If an abnormality occurs in the voltage sensor when the voltage is 
adjusted in this manner, accurate voltage control cannot be performed, which may lead to 
deterioration of the battery and the like. Also, it is not possible to determine which one of the 
voltage sensor for detecting the increased voltage on an output side of the DC-DC converter 
and the voltage sensor for the battery is abnormal simply by comparing voltage values 
detected by these voltage sensors. 

[0011] Also, according to the control method disclosed by the Japanese Patent 
Application Publication No. JP-A-H8-5 1 800, a configuration including a DC-DC converter 
is not employed. An abnormality of the battery voltage sensor is determined simply based 
on a relation between the battery output and the battery voltage. If it is determined that the 
battery voltage sensor is abnormal, the induction motor is controlled using the estimated 
battery voltage. In other words, an abnormality of the battery voltage sensor is detected only 
when the relation between the battery output and the battery voltage deviates from the 
relation shown in a map. 

[0012] Thus, in both cases, for example, when a voltage sensor for detecting the 
voltage that has not been increased is not provided on an input side of the DC-DC converter 
in order to suppress an increase of cost, and only the voltage sensor for detecting the 
increased voltage and the voltage sensor for the battery are provided, even if an abnormality 
occurs in one of the voltage sensors, it is not possible to detect an abnormality of the voltage 
sensor simply by comparing values detected by the voltage sensors. 



ST TMMARY OF THE INVENTION 



[0013] In view of the above, it is an object of the invention to provide an 
abnormality monitoring apparatus in a load drive circuit including a converter and a battery 
for supplying electric power to a load, which monitors ah abnormality of a sensor for 
detecting a voltage in each of the portions of the load drive circuit. 

[0014] A first aspect of the invention relates to an abnormality monitoring 
apparatus in a load drive circuit which includes a converter for performing at least one of the 
operation for increasing a voltage and the operation for decreasing a voltage, and a battery 
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connected to an input side of the converter, the converter supplying electric power to a load. 
The abnormality monitoring apparatus includes first detecting means for detecting a voltage 
value of the battery; second detecting means for detecting a voltage value on an output side 
of the converter; battery voltage estimating means for calculating an estimated voltage value 
of the battery; calculating means for calculating at least one of a difference value between 
the voltage value detected by the first detecting means and the estimated voltage value and a 
difference value between the voltage value detected by the second detecting means and the 
estimated voltage value; and monitoring means for monitoring at least one of an abnormality 
of the first detecting means, and an abnormality of the second detecting means based on each 
of the difference values and a predetermined threshold value. 

[0015] According to the first aspect of the invention, for example, even in the case 
where the converter is performing the operation for increasing the voltage or the operation 
for decreasing the voltage, the voltage value detected by the voltage sensor that is the first 
detecting means and the estimated voltage value calculated by the battery voltage estimating 
means are the same or substantially the same as long as the voltage sensor is normal. 
Therefore, the difference value therebetween does not exceed the threshold value. However, 
if the voltage sensor is abnormal, the difference value exceeds the threshold value. 
Accordingly, the monitoring means can monitor an abnormality of the first detecting means 
by comparing the difference value and the threshold value in the case where the converter is 
performing the operation for increasing the voltage or the operation for decreasing the 
voltage. 

[0016] If such an abnormality is detected, the converter stops the operation for 
increasing the voltage or the operation for decreasing the voltage. In the case where the 
operation of the converter is stopped, the voltage value detected by the voltage sensor that is 
the first detecting means and the estimated voltage value calculated by the battery voltage 
estimating means are the same or substantially the same if the voltage sensor is normal. 
Therefore, the difference value therebetween does not exceed the threshold value. However, 
if the voltage sensor is abnormal, the difference value exceeds the threshold value. 
Accordingly, the monitoring means can monitor an abnormality of the first detecting means 
by comparing the difference value arid the threshold value. 

[0017] Further, in the case where the operation of the converter is stopped, the 
voltage value detected by the voltage sensor that is the second detecting means and the 
estimated voltage value calculated by the battery voltage estimating means are the same or 
substantially the same if the voltage sensor is normal. Therefore, the difference value 
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therebetween does not exceed the threshold value. However, if the voltage sensor is 
abnormal, the difference value exceeds the threshold value. Accordingly, the monitoring 
means can monitor an abnormality of the second detecting means by comparing the 
difference value and the threshold value. 

[0018] The voltage value detected by the voltage sensor that is the first detecting 
means and the voltage value detected by the voltage sensor that is the second detecting 
means are the same or substantially the same as the estimated voltage value calculated by the 
battery voltage estimating means if these voltages sensors are normal. Therefore, each of the 
difference values does not exceed the threshold value. However, if one of the voltage 
sensors is abnormal or if both of the voltage sensors are abnormal, one of the difference 
values exceeds the threshold value or both of the difference values exceed the threshold 
value. Accordingly, the monitoring means can monitor an abnormality of the first detecting 
means or/and the second detecting means by comparing each of the difference values and the 
threshold value. As a result, it is possible to provide the abnormality monitoring apparatus in 
a load drive circuit including a converter and a battery for supplying electric power to a load, 
which monitors an abnormality of a sensor for detecting a voltage in each of the portions of 
the load drive circuit. 

[0019] In the first aspect of the invention, the monitoring means may include 
abnormality detecting means for detecting an abnormality of the first detecting means based 
on an absolute value of the difference between the voltage value of the battery detected by 
the first detecting means and the estimated voltage value in a case where the converter is 
performing the operation for increasing the voltage or the operation for decreasing the 
voltage. With this configuration, in the case where the converter is performing the operation 
for increasing the voltage or the operation for decreasing the voltage, and the voltage sensor 
that is the first detecting means is normal, the voltage value detected by the voltage sensor 
and the estimated voltage value calculated by the battery voltage estimating means are the 
same or substantially the same. Therefore, the difference value therebetween does not 
exceed the threshold value. However, if the voltage sensor is abnormal, the difference value 
exceeds the threshold value. Accordingly, the monitoring means can detect an abnormality 
of the first detecting means by comparing the difference value and the threshold value in the 
case where the converter is performing the operation for increasing the voltage or the 
operation for decreasing the voltage. 

[0020] In the first aspect of the invention, the abnormality monitoring apparatus 
may further include control means for controlling the converter such that the converter stops 
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the operation for increasing the voltage or the operation or the operation for decreasing the 
voltage when an abnormality of the first detecting means is tentatively detected in a case 
where the converter is performing the operation for increasing the voltage or the operation 
for decreasing the voltage. The monitoring means may also include determining means for 
determining abnormal detecting means from among the first detecting means and the second 
detecting means based on an absolute value of the difference between the voltage value of 
the battery detected by the first detecting means and the estimated voltage value, and an 
absolute value of the difference between the voltage value detected by the second detecting 
means and the estimated voltage value when the converter stops the operation for increasing 
the voltage or the operation for decreasing the voltage. With this configuration, in the case 
where the converter stops the operation for increasing the voltage or the operation for 
decreasing the voltage, that is, the operation of the converter is stopped, the voltage value 
detected by the voltage sensor that is the first detecting means and the estimated voltage 
value calculated by the battery voltage estimating means are the same or substantially the 
same if the voltage sensor is normal. Therefore, the difference value therebetween does not 
exceed the threshold value. However, if the voltage sensor is abnormal, the difference value 
exceeds the threshold value. Accordingly, the monitoring means can monitor an 
abnormality of the first detecting means by comparing the difference value and the threshold 
value. 

[0021] Further, in the case where the operation of the converter is stopped, the 
voltage value detected by the voltage sensor that is the second detecting means and the 
estimated voltage value calculated by the battery voltage estimating means are also the same 
or substantially the same if the voltage sensor is normal. Therefore, the difference value 
therebetween does not exceed the threshold value. However, if the voltage sensor is 
abnormal, the difference value exceeds the threshold value. Accordingly, the monitoring 
means can monitor an abnormality of the second detecting means by comparing the 
difference value and the threshold value. 

[0022] Further, the absolute value (first absolute value) of the difference between 
the voltage value detected by the voltage sensor (first voltage sensor) that is the first 
detecting means and the estimated voltage value is compared with the absolute value 
(second absolute value) of the difference between the voltage value detected by the voltage 
sensor (second voltage sensor) that is the second detecting means and the estimated voltage 
value. If a difference obtained by subtracting the second absolute value from the first 
absolute value is large, it can be determined that the first voltage sensor is abnormal. If a 



WO 2005/049366 PCT/IB2004/003550 

8 

difference obtained by subtracting the first absolute value from the second absolute value is 
large, it can be determined that the second voltage sensor is abnormal. Thus, the abnormal 
voltage sensor can be determined. 

[0023] In the first aspect of the invention and a related aspect of the invention, the 
abnormal monitoring apparatus may further include electric current value detecting means 
for detecting an electric current value of the battery; and the battery voltage estimating 
means may include estimated voltage value calculating means for calculating the estimated 
voltage value based on an electric power command value indicating a value of electric power 
supplied to the load and the electric current value of the battery. With this configuration, 
since an electric power value is calculated by multiplying a voltage value by an electric 
current value, the estimated voltage value of the battery can be calculated, for example, by 
dividing the electric power command value by the electric current value of the battery. 

[0024] In the first aspect of the invention and the related aspect of the invention, 
the battery voltage estimating means may include estimated voltage value learning 
calculating means for learning and calculating the estimated voltage value. With this 
configuration, the estimated voltage value is calculated based on the electric power 
command value and the electric current value of the battery at predetermined time intervals 
(i.e., at a sampling time). In the case where the converter stops the operation for increasing 
voltage or the operation for decreasing voltage, that is, the operation of the converter is 
stopped, and both of the voltage sensor that is the first detecting means and the voltage 
sensor that is the second detecting means are normal, the voltage values detected by the 
voltage sensors are the same or substantially the same. 

[0025] In this case, if the estimated voltage value of the battery that is calculated is 
near to the voltage values detected by these voltage sensors (for example, if the estimated 
voltage value is between the voltage values detected by these voltage sensors), the estimated 
voltage value that is calculated is employed as the estimated voltage value of the battery. If 
the estimated voltage value of the battery that is calculated is not near to the voltage values 
detected by these voltage sensors (for example, if the estimated voltage value is not between 
the voltage values detected by these voltage sensors), the detected voltage value that is 
"nearer to the estimated voltage value that is calculated (i.e., one of the voltage value detected 
by the first detecting means and the voltage value detected by the second detecting means) is 
employed as the estimated voltage value of the battery, instead of the estimated voltage value 
that is calculated. If none of these conditions is satisfied, the latest estimated voltage value 
that is employed one sampling step before is further employed as the estimated voltage value 
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of the battery. Thus, the estimated voltage value of the battery can be employed more 
accurately by performing learning at each sampling time. 

[0026] In the first aspect of the invention and the related aspect of the invention, 
the monitoring means may include abnormality monitoring means for monitoring an 
abnormality of at least one of the first detecting means and the second detecting means by 
continuing to monitor an abnormal state of at least one of the first detecting means and the 
second detecting means for a predetermined time or more. With this configuration, since an 
abnormal state continues to be monitored for a predetermined time or more, it is possible to 
prevent malfunction due to a temporary abnormality of the voltage sensor that is the 
detecting means for detecting the voltage. 

[0027] A second aspect of the invention relates to an abnormality monitoring 
method in a load drive circuit which includes a converter for performing at least one of an 
operation for increasing a voltage and an operation for decreasing a voltage, and a battery 
connected to an input side of the converter, the converter supplying electric power to a load. 
The abnormality monitoring method includes the steps of detecting a voltage value of the 
battery detecting a voltage value on an output side of the converter; calculating an estimated 
voltage value of the battery; calculating at least one of the difference value between the 
detected voltage value of the battery and the estimated voltage value, and the difference 
value between the detected voltage value on the output side of the converter and the 
estimated voltage value; and monitoring at least one of an abnormality of detection of the 
voltage value of the battery and an abnormality of detection of the voltage value on the 
output side of the converter based on each of the difference values and a predetermined 
threshold value. 



RRTFF DESCRIPTION OF THE DRAWINGS 



[0028] FIG. 1 is a control block diagram showing a vehicle including an 
abnormality monitoring apparatus according to an embodiment of the invention; 

[0029] FIG. 2 is a partial enlarged diagram which partially enlarges FIG. 1 ; 
* [0030] FIG 3 is a flowchart showing a control structure of a program (main 
routine) performed by an ECU in FIG. 1; 

[0031] FIG. 4 is a flowchart showing a control structure of a program (sub routine) 
performed by the ECU in FIG. 4; and 

[0032] FIG 5 is a diagram describing a determination of an abnormal sensor. 
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DETAILED DESC&IBUQN OF THE PREFERRED EMBODIMENTS 

[0033] Hereinafter, description will be made on a vehicle including an ECU 1 000 
which is an abnormality monitoring apparatus according to an embodiment of the invention. 

[0034] FIG 1 is a control block diagram showing a vehicle including the ECU 
1000 which is the abnormality monitoring apparatus according to the embodiment of the 
invention. As shown in FIG. 1, the vehicle includes an engine 100; a motor-generator 200 
that functions as a motor to assist the engine 100; an inverter 300 which supplies electric 
power to the motor-generator 200; and a DC-DC converter 400 which performs at least one 
of an operation for increasing a voltage of electric power supplied to/from a battery and an 
operation for decreasing a voltage of electric power supplied to/from a battery, in order to 
supply electric power having a predetermined voltage value to a load such as the inverter 
300. 

[0035] Also, the DC-DC converter 400 is connected to a first battery 600 (in this 
embodiment, it is assumed that the first battery 600 is a 14-volt battery - however, the 
invention is not limited to the 14-volt battery), and a second battery 700 (in this embodiment, 
it is assumed that the second battery 700 is a 42-volt battery - however, the invention is not 
limited to the 42-volt battery), via a system main relay 500 and a fuse 550. The DC-DC 
converter 400 can increase the voltage of electric power discharged from the first battery 600 
and the second battery 700 to a rated voltage of the inverter 300. 

[0036] A crankshaft pulley 120 of the engine 100 is connected to a motor- 
generator pulley 130 via an electromagnetic clutch 110 using a belt 140. When the motor- 
generator 200 receives electric power from the inverter 300 and functions as a motor, the 
motor-generator 200 assists the engine 100. When the vehicle is in a regenerative braking 
state, the motor-generator 200 functions as a generator, converts running kinetic energy to 
electric energy, and charges the battery wrni electric power, in order to use driving power 
from a driving wheel connected to the crankshaft of the engine 100 for regenerative braking. 

[0037] The ECU 1 000 is connected to the inverter 300, the DC-DC converter 400, 
and the system main relay 500. The ECU 1000 sends a control signal to each of the inverter 
300, the DC-DC converter 400, and the system main relay 500. In FIG. 1, control signal 
lines are indicated by dashed lines. Also, the engine 100 is controlled by an engine ECU (not 
shown). 

[0038] The vehicle shown in FIG 1 includes an idling stop system in which the 



WO 2005/049366 PCT7IB2004/003550 

11 

engine 100 is automatically stopped and electric power supplied to auxiliary machinery is 
controlled using the second battery 700, for example, when the vehicle is stopped at a red 
light. However, the invention is not limited to the vehicle including such an idling stop 
system. The invention may be applied to a so-called hybrid vehicle in which an engine and a 
motor are used as driving sources. Alternatively, the invention may be applied to a load 
driving circuit which does not include a motor-generator for assisting the engine 100, and 
which includes only the battery 600, the DC-DC converter 400, the load connected to the 
DC-DC converter 400, and the ECU that performs control thereof. 

[0039] FIG. 2 is a partial enlarged diagram which partially enlarges FIG. 1. As 
shown in FIG. 2, the DC-DC converter 400 includes an output side voltage sensor 420, a 
voltage increasing circuit 43 0, and a switching circuit 440. The DC-DC converter 400 is 
characterized in that the DC-DC converter 400 does not have an input side voltage sensor. 
The switching circuit 440 controls the voltage increasing circuit 430 of the DC-DC converter 
400 based on the control signal sent from the ECU 1000 so as to increase the voltage of 
electric power discharged from the first battery 600 to a predetermined voltage, and to 
supply the electric power to the inverter 300. 

[0040] The output side voltage sensor 420 is connected to an output side circuit of 
the DC-DC converter 400. The output side voltage sensor 420 detects an increased voltage 
VH, and sends the increased voltage VH to the ECU 1000. The output side voltage sensor 
420 may be provided outside the DC-DC converter 400. 

[0041] As shown in FIG. 2, a battery voltage sensor 610 for detecting a battery 
voltage VB of the first battery 600 and a battery electric current sensor 620 are provided in 
the first battery 600. The battery voltage VB detected by the battery voltage sensor 610 and 
a battery electric current IB detected by the battery electric current sensor 620 are sent to the 
ECU 1000. 

[0042] As shown in FIG 1 and FIG. 2, the battery voltage VB and the increased 
voltage VH are inputted to the ECU 1000. The ECU 1000 monitors an abnormality by 
determining which voltage sensor is abnormal based on the voltage values inputted to the 
ECU 1000 and an estimated battery voltage VBE. 

[0043] Referring to FIG. 3, description will be made on a control structure of a 
program performed by the ECU 1000, which is the abnormality monitoring apparatus 
according to the embodiment of the invention. 

[0044] In step SI 00, the ECU 1000 performs an estimated battery voltage 
calculating routine (sub routine). The estimated battery voltage calculating routine will be 
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described in detail later. 

[0045] In step S 1 02, the ECU 1 000 determines whether the DC-DC converter 400 
is performing the operation for increasing the voltage. If the DC-DC converter 400 is 
performing the operation for increasing the voltage (i.e., YES in step SI 02), the routine 
proceeds to step SI 04. If not (i.e., NO in step SI 02), the routine proceeds to step SI 10. 

[0046] In step S104 3 the ECU 1000 determines whether a difference |VBE- 
VB (between the estimated battery voltage VBE calculated by the estimated battery voltage 
calculating routine and the battery voltage VB detected by the battery voltage sensor 61 0 has 
continued to be equal to or greater than a reference value for a predetermined time period or 
more. If the difference |VBE-VB (has continued to be equal to or greater than the reference 
value for the predetermined time period or more (YES in step SI 04), the routine proceeds to 
step SI 06. If not (i.e., NO in step SI 04), the routine proceeds to step SI 30. 

[0047] In step S 1 06, the ECU 1 000 tentatively determines that the battery voltage 
sensor 61 0 is abnormal. In step S 1 08, the ECU 1 000 stops voltage increasing control for the 
DC-DC converter 400, which is control for operating the DC-DC converter 400 to increase 
the voltage. In step SI 10, the ECU 1000 determines whether an absolute value |VB-VH |of 
the difference between the battery voltage VB detected by the battery voltage sensor 610 and 
the increased voltage VH detected by the output side voltage sensor 420 is less than an 
abnormality determination threshold value. If the absolute value I VB-VH |of the difference 
between the battery voltage VB detected by the battery voltage sensor 610 and the increased 
voltage VH detected by the output side voltage sensor 420 is less than the abnormality 
determination threshold value (i.e., YES in step SI 10), the routine proceeds to step S130. If 
not (i.e., NO in step SI 10), the routine proceeds to step SI 12. 

[0048] In step SI 12, the ECU 1000 calculates, as a difference A, the absolute 
value IVBE-VB |of the difference between the estimated battery voltage VBE calculated by 
the estimated battery voltage calculatiag-r^tine and the battery voltage VB detected by the 
battery voltage sensor 610. In addition, the ECU 1000 calculates, as a difference B, the 
absolute value IVBE-VH |of the difference between the estimated battery voltage VBE 
calculated by the estimated battery voltage calculating routine and the increased voltage VH 
detected by the output side voltage sensor 420. 

[0049] In step S 1 1 4, the ECU 1 000 determines whether a value (A-B) obtained by 
subtracting the calculated difference B from the calculated difference A has continued to be 
equal to or greater than an abnormal value for a predetermined time period or more. If the 
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value (A-B) has continued to be equal to or greater than the abnormal value for the 
predetermined time period or more (i.e., YES in step SI 14), the routine proceeds to step 
S116. If not (i.e., NO in step S114), the routine proceeds to step S118. 

[0050] In step S 1 1 6, the ECU 1 000 determines that the battery voltage sensor 6 1 0 
is abnormal. 

[0051] In step S 1 1 8, the ECU 1 000 determines whether a value (B-A) obtained by 
subtracting the calculated difference A from the calculated difference B has continued to be 
equal to or greater than the abnormal value for the predetermined time period or more. If the 
value (B-A) has continued to be equal to or greater than the abnormal value for the 
predetermined time period or more (i.e., YES in step SI 18), the routine proceeds to step 
S120. If not (i.e., NO in step S118), the routine proceeds to step S122. 

[0052] In step SI 20, the ECU 1000 determines that the output side voltage sensor 
420 is abnormal. 

[0053] In step S 1 22, the ECU 1 000 determines whether an absolute value I A-B |of 
the value obtained by subtracting the calculated difference B from the calculated difference 
A has continued to be less than the abnormal value for the predetermined time period or 
more. If the absolute value I A-B |has continued to be less than the abnormal value for the 
predetermined time period or more (i.e., YES in step SI 22), the routine proceeds to step 
S124. If not (i.e., NO in step S122), the routine proceeds to step S126. 

[0054] In step S 1 24, the ECU 1 000 determines that the battery voltage sensor 610 
and/or the output side voltage sensor 420 is abnormal. That is, the ECU 1000 determines 
that one of the sensors is abnormal, or both of the sensors are abnormal. 

[0055] In step SI 26, the ECU 1000 determines that the sensor abnormality 
determining process in the step SI 12 and subsequent steps has been performed. In the case 
where the DC-DC converter 400 is not performing the operation for increasing the voltage, 
basically the battery voltage VB detected by the battery voltage sensor 610 and the increased 
voltage VH detected by the output side voltage sensor 420 need to be the same. If the 
absolute value of the difference between the battery voltage VB and the increased voltage 
VH is equal to or greater than the abnormality determination threshold value, the sensor 
abnormality determining process in step S 1 12 and subsequent steps is performed. There is a 
case where none of the following conditions is satisfied: 1) the condition that the battery 
voltage sensor 610 is abnormal, 2) the condition that the output side voltage sensor 420 is 
abnormal, and 3) the condition that both of the battery voltage sensor 6 1 0 and the output side 
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voltage sensor 420 are abnormal. In this case, it is determined that the sensor abnormality 
determining process has been performed. 

[0056] In this case, an abnormal sensor is not determined. However, in order to 
memorize that the sensor abnormality determining process has been performed, the ECU 
1000 determines that the sensor abnormality determining process has been performed in step 
S126. This process in step SI 26 may be omitted if it is assumed that such a case does not 
occur, or if this process is not necessary though it is assumed that such a case may occur. 

[00571 In step S128, the ECU 1000 stores sensor abnormality diagnosis 
information. The sensor abnormality diagnosis information contains information 
concerning the determined abnormal sensor (s) and the like. This information is stored in a 
memory incorporated in the ECU 1000, and is used for making a diagnosis. 

[0058] In step S 1 30, the ECU 1 000 controls the vehicle such that the vehicle runs 
in a normal running state. 

[0059] Referring to FIG. 4, the estimated battery voltage calculating routine in 
step SI 00 in FIG. 3 will be described in detail. 

[0060] In step S200, the ECU 1 000 determines whether the DC-DC converter 400 
is performing the operation for increasing the voltage. If the DC-DC converter 400 is 
performing. the operation for the increasing the voltage (i.e., YES in step S200), the routine 
proceeds to step S220. If not (i.e., NO in step S200), the routine proceeds to step S202. 

[0061] In step S202, the ECU 1000 detects the battery voltage VB based on the 
signal sent from the battery voltage sensor 610, detects the increased voltage VH based on 
the signal sent from the output side voltage sensor 420, and detects the battery electric 
current IB based on the signal sent from the battery electric current sensor 620. 

[0062] In step S204, the ECU 1000 calculates the present estimated battery 
voltage VBE by dividing an electric power command value by the battery electric current IB. 
The electric power command value is the command value indicating electric power required 
for generating driving torque necessary for driving the vehicle, and is calculated by the ECU 
1000 based on the running state of the vehicle. 

[0063] In step S206, the ECU 1000 reads a previous estimated battery voltage 
VBE (PRE) stored in the memory. 

[0064] In step S208, the ECU 1000 determines whether the absolute value |VB- 
VH I of the difference between the battery voltage VB detected by the battery voltage sensor 
610 and the increased voltage VH detected by the output side voltage sensor 420 is less than 
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the threshold value, and the present estimated battery voltage value VBE that is calculated is 
between the battery voltage VB and the increased voltage VH. If the absolute value IVB- 
VH I of the difference between the battery voltage VB and the increased voltage VH is less 
than the threshold value, and the present estimated battery voltage value VBE is between the 
battery voltage VB and the increased voltage VH (i.e., YES in step S208), the routine 
proceeds to step S210. If not (i.e., NO in step S208), the routine proceeds to step S212. 

[0065] In step S21 0, the ECU 1 000 employs, as the estimated battery voltage VBE, 
the present estimated battery voltage VBE (i.e., the estimated battery voltage that is 
calculated in step S204). 

[0066] In step S212, the ECU 1000 determines whether the absolute value |VB- 
VH | of the difference between the battery voltage VB detected by the battery voltage sensor 
610 and the increased voltage VH detected by the output side voltage sensor 420 is less than 
the threshold value, and the present estimated battery voltage value VBE that is calculated is 
not between the battery voltage VB and the increased voltage VH. If the absolute 
value IVB-VH I of the difference between the battery voltage VB and the increased voltage 
VH is less than the threshold value, and the present estimated battery voltage value VBE is 
not between the battery voltage VB and the increased voltage VH (i.e., YES in step S212), 
the routine proceeds to step S214. If not (i.e., NO in step S212), the routine proceeds to step 
S216. 

[0067] In step S2 1 4, the ECU 1 000 employs, as the estimated battery voltage VBE, 
one of the detected battery voltage VB and the detected increased voltage VH which is 
nearer to the estimated battery voltage VBE (both of the battery voltage VB and the 
increased voltage VH are detected in step S202). In step S216, the ECU 1000 employs, as 
the estimated battery voltage VBE, the previous estimated battery voltage VBE (PRE) that is 
stored in the memory. 

[0068] In step S218, the ECU 1 000 stores, as the latest corrected estimated battery 
voltage VBE (PRE), the estimated battery voltage VBE that is employed in step S216, in the 
memory. In step S220, the ECU 1000 employs, as the estimated battery voltage VBE, the 
previous estimated battery voltage VBE (PRE) that is stored in the memory immediately 
before the voltage starts to be increased. 

[0069] Hereinafter, description will be made on an operation of the vehicle 
including the ECU 1000 which is the abnormality monitoring apparatus having the 
aforementioned structure and operating based on the aforementioned flowchart, according to 
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the embodiment of the invention. 

[0070] While the vehicle is running, an abnormality determining process is 
performed at a predetermined sampling time (for example, at a sampling time decided by 
clock frequency of a CPU (Central Processing Unit) included in the ECU 1000). 

[0071] The estimated battery voltage estimating routine for calculating the 
estimated battery voltage VBE used for the abnormality determining process is performed 
(SI 00). 

[0072] If the DC-DC converter 400 is not performing the operation for increasing 
the voltage (i.e., NO in step S200), the battery voltage VB is detected by the battery voltage 
sensor 610, the increased voltage VH is detected by the output side voltage sensor 420 
provided on the output side of the DC-DC converter 400, and the battery electric current IB 
is detected by the battery electric current sensor 620 (S202). The present estimated battery 
voltage VBE is calculated by dividing the electric power command value by the battery 
electric current IB (S204). The previous estimated battery voltage VBE (PRE) that is stored 
in the memory one sampling step before is read (S206). The previous estimated battery 
voltage VBE (PRE) that is read in step S206 is the most accurate estimated voltage value at 
present. 

[0073] The absolute value I VB-VH |of the difference between the battery voltage 
VB detected by the battery voltage sensor 610 and the increased voltage VH detected by the 
output side voltage sensor 420 is calculated. If the absolute value I VB-VH I of the difference 
between the battery voltage VB and the increased voltage VH is less than the threshold value, 
and the present estimated battery voltage value VBE is between the battery voltage VB and 
the increased voltage VH (i.e., YES in step S208), it is determined that the present estimate 
battery voltage value VBE that is calculated in step S204 is sufficiently accurate. Thus, the 
present estimated battery voltage VBE that is calculated in step S204 is employed as the 
estimated battery voltage VBE used for the-abnormality determining process that will be 
described later (S210). 

[0074] If the absolute— value I V-B-V-H I of the difference between the battery 
voltage VB and the increased voltage VH is less than the threshold value, and the present 
estimated battery voltage value VBE that is calculated is not between the battery voltage VB 
and the increased voltage VH (i.e., YES in step S212), one of the battery voltage VB 
detected in S202 and the increased voltage detected in step S202, whichever is nearer to the 
present estimated battery voltage VBE, is employed as the estimated battery voltage VBE 
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used for the abnormality determining process that will be described later (S214). 

[0075] If none of the aforementioned conditions (S208, S210) is satisfied, the 

previous estimated battery voltage VBE (PRE) that is previously stored in the memory is 

employed as the estimated battery voltage VBE used for the abnormality determining 

process that will be described later (S216). 

[0076] A calculation is performed so as to obtain a more accurate estimated 

battery voltage VBE at each sampling time in this manner. Thus, learning is performed such 

that the estimated battery voltage becomes more accurate. 

[0077] If the DC-DC converter 400 is performing the operation for increasing the 

voltage (i.e., YES in step S200), the previous estimated battery voltage VBE (PRE) that is 

previously stored in the memory is employed as the estimated battery voltage VBE used for 
the abnormality detemiining process that will be described later (S220). 

[0078] After the estimated battery voltage calculating routine is finished, if the 
DC-DC converter 400 is performing the operation for increasing the voltage (i.e., YES in 
step S102), and if it is determined that a difference |VBE-VB Ibetween the estimated battery 
voltage VBE calculated by the estimated battery voltage calculating routine and the battery 
voltage VB detected by the battery voltage sensor 610 has continued to be equal to or greater 
than a reference value for a predetermined time period or more (i.e., YES in step SI 04), it is 
tentatively determined that the battery voltage sensor 610 is abnormal (SI 06). In this case, 
voltage increasing control (including voltage decreasing control) for the DC-DC converter 
400 is stopped (SI 08). 

[0079] If the absolute value |VB-VH |of the difference between the battery 
voltage VB detected by the battery voltage sensor 610 and the increased voltage VH 
detected by the output side voltage sensor 420 is equal to or greater than the abnormality 
determination threshold value (i.e., NO in step S110), the absolute value |VBE-VB |of the 
difference between the estimated battery voltage VBE and the battery voltage VB is 
calculated as difference A. In addition, the absolute value IVBE-VH |of the difference 
between the estimated battery voltage VBE and the increased voltage VH is calculated as 
difference B (SI 12). 

[0080] If the value (A-B) obtained by subtracting the difference B from the 
difference A has continued to be equal to or greater than the abnormal value for the 
predetermined time period or more (i.e., YES in step SI 14), it is determined that the battery 
voltage sensor 610 is abnormal (SI 16). This is because it is determined that the voltage 
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value detected by the battery voltage sensor 610 has a larger error. 

[0081] If the value (B-A) obtained by subtracting the difference A from the 
difference B has continued to be equal to or greater than the abnormal value for the 
predetermined time period or more (i.e., YES in step SI 18), it is determined that the output 
side voltage sensor 420 is abnormal (SI 20). This is because it is determined that the voltage 
value detected by the output side voltage sensor 420 has a larger error. 

[0082] If the absolute value | A-B |of the value obtained by subtracting the 
difference B from the difference A has continued to be less than the abnormal value for the 
predetermined time period or more (i.e., YES in step SI 22), it is determined that the battery 
voltage sensor 610 and/or the output side voltage sensor 420 is abnormal (SI 24). This is 
because it cannot be determined which of the battery voltage sensor 610 and the output side 
voltage sensor 420 has a larger error. 

[0083] Referring to FIG 5, this determination will be described. The voltage 
values shown in FIG. 5 are exemplary, and the invention is not limited to the voltage values 
shown in FIG. 5. 

[0084] In the case where the output side voltage sensor 420 is normal, since the 
DC-DC converter 400 is not performing the operation for increasing/decreasing the voltage, 
the difference B (= I VBE-VH I) becomes substantially 0. In this case, if the battery voltage 
sensor 610 is abnormal, the difference A (= IvBE-VB I) becomes large. As a result, the 
value (A-B) obtained by subtracting the difference B (approximately 0) from the difference 
A has continued to be equal to or greater than the abnormal value (for example 20 V) for the 
predetermined time period (for example 500 ms). The battery voltage sensor abnormal 
region in FIG. 5 shows this state. The upper limit of the difference based on which the 
battery voltage sensor 610 can be determined as abnormal is 25 V. 

[0085] In the case where the battery voltage sensor 610 is normal, since the DC- 
DC converter 400 is not performing the operation for increasing the voltage or the operation 
for decreasing the voltage, the difference A (= I VBE-VB I) becomes substantially 0. In this 
case, if the output side voltage sensor 420" is abnormal, the difference B (= IVBE-VH I) 
becomes large. As a result, the value (B-A) obtained by subtracting the difference A 
(approximately 0) from the difference B has continued to be equal to or greater than the 
abnormal value (for example 20 V) for the predetermined time period (for example 500 ms). 
The output side voltage sensor abnormal region in FIG 5 shows this state. The upper limit of 
the difference based on which the battery voltage sensor 420 can be determined as abnormal 
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is 25 V. 

[0086] Also, there is an undetectable region between the battery voltage sensor 
abnormal region and the output side voltage sensor abnormal region in FIG. 5. In the 
undetectable region, though the battery voltage sensor 610 and/or the output side voltage 
sensor 420 is abnormal, it is not possible to determine which of the sensors is abnormal. 
Even though the estimated battery voltage VBE is calculated more accurately by learning, 
the error of the estimated battery voltage cannot be completely eliminated. Therefore, the 
undetectable region where it is not possible to determine which of the sensors is abnormal 
exists. 

[0087] Also, there are a region where an abnormality of the battery voltage sensor 
61 0 cannot be detected, and a region where an abnormality of the output side voltage sensor 
420 cannot be detected (i.e., regions at a distance of 25 V or more from the undetectable 
region). In these regions, it is determined that the sensor abnormality determining process 
has been performed (S126). 

[0088] Thus, if an abnormality of the voltage sensor is detected, information for 
determining the abnormal voltage sensor, information indicating the sensor abnormality 
determining process has been performed, and the like are stored in the memory as the sensor 
abnormality diagnosis information. For example, a warning lamp provided in a dashboard is 
turned on and off based on the information contained in the sensor abnormality diagnosis 
information, whereby a driver of the vehicle is notified of the abnormality of the voltage 
sensor. 

[0089] As described above, the ECU which is the abnormality monitoring 
apparatus according to the embodiment of the invention monitors the difference between the 
battery voltage VB detected by the battery voltage sensor and the estimated battery voltage 
VBE in the case where the DC-DC converter is performing the operation for increasing the 
voltage. If the difference has continued to be equal to or greater than the reference value for 
a long time period, it is tentatively determined that the battery voltage sensor is abnormal, 
and the DC-DC converter is caused to stop the operation for increasing the voltage. 

[0090] In the case where the DC-DC converter is not performing the operation for 
increasing the voltage, if the battery voltage sensor and the output side voltage sensor 
provided on the output side of the DC-DC converter are normal, the absolute value of the 
difference between the voltage values detected by the voltage sensors is small. Thus, it can 
be determined that the voltage sensors are normal. If not, the absolute value (first absolute 
value) of the difference between the estimated battery voltage and the detected battery 
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estimated battery voltage and the detected output side voltage are calculated. If the value 
obtained by subtracting the second absolute value from the first absolute value is large, it can 
be determined that the detected battery voltage has a large error. Accordingly, it can be 
determined that the battery voltage sensor is abnormal. If the value obtained by subtracting 
the first absolute value from the second absolute value is large, it can be determined that the 
detected output side voltage has a large error. Accordingly, it can be determined that the 
output side voltage sensor is abnormal. 

[0091] In the aforementioned flowchart shown in FIG. 3, after the process in step 
SI 08 is performed, the routine returns to step SI 00. However, the routine may return to step 
SI 02 or step SI 10 after the process in step SI 08 is performed. 

[0092] Hereinafter, description will be made on the vehicle including the ECU 
which is the abnormality monitoring apparatus according to a modified example of the 
embodiment of the invention. 

[0093] First modified example: 
In the modified example, the output side voltage sensor 420 in the aforementioned 
embodiment is provided in a duplex system. That is, two or more output side voltage sensors 
420 that are independent of each other are provided in the duplex system, whereby the 
increased voltage VH can be detected. 

[0094] Thus, at least the output side voltage sensor 420 on the output side of the 
DC-DC converter 400 is provided in the duplex system. Accordingly, even while the DC- 
DC converter 400 is performing the operation for increasing the voltage, the output side 
voltage sensors 420 indicate different increased voltages VH, whereby it is possible to 
determine which of the output side voltage sensors is abnormal. 

[0095] Second modified example: 

In the modified example, in the case where the DC-DC converter 400 is not performing 
the operation for increasing the voltage, an abnormality of the battery voltage sensor 610 and 
an abnormality of the output side voltage sensor 420 are distinguished from each other based 
on electric power balance. 

[0096] When the abnormality of the battery voltage sensor 610 and the 
abnormality of the output side voltage sensor 420 are distinguished from each other based on 
electric power balance, balance between electric power consumption on the battery side and 
electric power consumption on the load side (drive side) is calculated. If the electric power 
consumption on the battery side that is calculated based on the voltage value detected by the 
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voltage sensor is not equal to the electric power consumption on the load side (drive side), 
the voltage sensor is determined as abnormal. More specifically, calculations are performed 
according to the following equations. 

The electric power consumption on the battery side (1) = the battery voltage VB * 

the battery electric current IB 

The electric power consumption on the battery side (2) = the output side voltage VH 

* the battery electric current IB 

The electric power balance (1) = the electric power consumption on the battery side 

(1) - the electric power consumption on the drive side 

The electric power balance (2) = the electric power consumption on the battery side 

(2) - the electric power consumption on the drive side. 

If the electric power balance (1) is larger than the electric power balance (2), the 
battery voltage sensor 610 is determined as abnormal. If the electric power balance (2) is 
larger than the electric power balance (1), the output side voltage sensor 420 is determined as 
abnormal. Thus, it is possible to distinguish an abnormality of the battery voltage sensor 610 
from an abnormality of the output side voltage sensor 420. 

[0097] Third modified example: In the modified example, an input side voltage 
sensor is provided on the input side of the DC-DC converter 400. The relation among a 
boost duty, the output side voltage VH and an input side voltage VL are represented by an 
equation, VH * the boost duty = VL. Therefore, it is possible to detect an abnormality of the 
input side voltage sensor and an abnormality of the output side voltage sensor based on a 
large difference between the voltage value detected by the input side sensor provided on the 
input side of the DC-DC converter 400 and the value obtained by VH * the boost duty. 

[0098] Thus, the embodiment of the invention that has been disclosed in the 
specification is to be considered in all respects as illustrative and not restrictive. The 
technical scope of the invention is defined by claims, and all changes which come within the 
meaning and range of equivalency of the claims are therefore intended to be embraced 
therein. 



